Objectives: To evaluate the amount of external apical root resorption (EARR) secondary to orthodontic treatment in patients with Short Root Anomaly (SRA) compared to patients with average root lengths using Cone Beam Computed Tomography (CBCT).
| INTRODUC TI ON AND LITER ATURE RE VIE W
Short Root Anomaly (SRA) was initially described as a condition in which the maxillary central incisors and premolars have normal coronal morphology, but abnormally short and plump roots.
1 Currently, the aetiology of SRA is unclear; however, the female predilection 1,2 , the occurrence amongst family members [1] [2] [3] [4] [5] and the variable prevalence with race 6 suggest genetic influence over other causes such as a developmental disturbance.
The physiological root/crown (R/C) ratio in healthy teeth is 1.63
for males and 1.55 for females, but only ≤1.1 for teeth affected with SRA. 1 The prevalence is estimated from 0.6% to 2.4%
7
; however, in Japanese and Mongolian populations it has been reported as high as 10%. 6, 8 It has been suggested that the unfavourable R/C ratio could affect the long-term stability of the teeth and complicate the orthodontic treatment plan, especially in complex cases where significant displacement of the affected teeth is required. 7, 9 Teeth affected by SRA may be more susceptible to orthodontically induced external apical root resorption (EARR). 7, [9] [10] [11] It is noteworthy that high-quality evidence is lacking to support this claim. Therefore, studies evaluating EARR in patients with SRA undergoing orthodontic treatment are at order.
The aim of this study was to evaluate the magnitude of external apical root resorption in patients with SRA compared to a group with normal maxillary incisor length dimensions after orthodontic treatment using CBCT scans. Furthermore, gender, age and treatment duration were explored as potential factors that could influence the root resorption process in these patients.
| MATERIAL S AND ME THODS
This retrospective cohort study was approved by the Institutional Review Board of the University of Connecticut (IRB # 17-011-1).
Eight hundred consecutively treated patients who had CBCT scans Twenty-three patients with SRA were identified and twenty-six scans were selected for the control group (Figures 1 and 2 ). All scans were acquired as part of the diagnostic and final records using a Next 
| Outcomes
For each of the maxillary incisors, the following outcomes were as- 
| Dependent and independent variables
The primary predictor variable was presence of SRA prior to initiation of treatment. Those with a SRA were designated as "cases"
while those without a SRA were designated as "controls." The other independent variables included sex, age at start of treatment in years and duration of treatment in months.
| Statistical analysis
Simple descriptive statistics were used to summarize the data and examine distributions of different outcome and independent variables. The base line differences in distribution of independent variables between the cases and controls were examined by chi-square tests (for sex) and independent sample t tests (for age and duration of treatment). The differences in outcomes between cases and controls were examined by independent sample t tests and Mann-Whitney U tests. The simultaneous association between the outcomes and different independent variables was examined by multivariable linear regression models. The regression models were fit using Ordinary Least Squares Methods. A separate regression model was fit for each outcome for each tooth. The parameter estimates of changes in coefficients for each level of independent variables and their associated 95% confidence intervals were computed. All statistical tests were two-sided. Bonferroni adjustments were made to account for Type 1 errors. A P value of <0.0001 was deemed to be statistically significant. Statistical analyses were conducted using SPSS Version 24.0 software (IBM Corp, New York).
| RE SULTS
The sample demographics is described in Table 1 . All variables showed high evaluator intrareliability in the double measurement analysis. There were no significant differences in age, gender or treatment duration between groups. The mean treatment time for both groups was approximately 20 months (20.7 ± 5.2 for the SRA and 19.2 ± 5.3 for the control groups). Table 2 shows that the average pretreatment and posttreatment R/C ratios for the SRA and control groups were significantly different (P < 0.001). Table 2 shows that the mean values for all the measurements decreased from 0.6 to 1.3 mm suggesting a slight amount of root resorption for both groups. Interestingly, there was a trend for the SRA teeth to have less magnitude of root resorption. In fact, the tooth length for the left central incisor had significantly less total tooth loss than the controls both considering tooth length changes independently or in proportion to pretreatment lengths. All other measurements of root/tooth lengths showed no significant difference between the SRA group and the controls (Tables 2 and 3) for the proportional and non-proportional measurements.
The summary of estimates from the multivariable linear regression models after adjusting for the effects of age, sex and duration of treatment showed that those with a SRA did not exhibit a significant difference in proportionate change of length (apex to CEJ, root length and tooth length) when compared to controls for all maxillary incisors.
None of the independent variables (age, sex and treatment duration)
were significantly associated with change of length after adjusting for 
| D ISCUSS I ON
Short Root Anomaly has been defined as a tooth anomaly where the R/C ratio is ≤1.1, affecting primarily the maxillary central incisors.
1
Normal R/C ratios have been reported in the order of 1.5 and 1.6. Another study in a Finnish population on panoramic radiographs defined R/C ratios of 1.7 and 1.8 on average for normal individuals.
12
However, recent CBCT data have put in the question the accuracy of R/C ratio determination from periapical and panoramic radiographs, mostly due to the difficulty in appropriately determining the CEJ.
13
It has been shown that the accuracy in measuring root length and tooth size on CBCT scans is excellent for the anterior teeth. 14, 15 The intraexaminer reliability in our double measurements confirmed this finding. Perhaps, to adequately diagnose this anomaly, average R/C ratios in healthy individuals in different populations based on CBCTs are required. The only study evaluating such ratios in maxillary incisors using CBCTs was reported in a Korean population. The SRA group in our study also had values well below the 1.1 ratio conventionally used to define this anomaly. Also, the pretreatment R/C ratio difference between both groups was significant, showing a clear distinction between SRA and control groups.
It is noteworthy that we were able to find 23 patients with this condition within the 232 evaluated. This is particularly a high prevalence to what has been reported for some other populations such as the Finnish 16 and Caucasians 3 but in line with the Japanese and Mongolian population. 6, 8 Interestingly, the sample in this study was derived from an orthodontic private practice in Miami, Florida, with a larger number of Hispanic patients. A recent study found an association of SRA with patients of Latino origin. 2 Although the specific prevalence has not been studied for this population group, it is possible that the Latino population in the United States may have a similar high prevalence of SRA as that found in Japanese and Mongolian populations. 6, 8 Another important factor to consider in terms of prevalence is that the patient sample in our study was derived from individuals consulting for orthodontic treatment compared to other studies where the population analysed has been drawn also from other sources such as dentists in the community.
2
The results of our study suggest that SRA is not a risk factor for EARR. In fact, there appears to be a trend for less EARR in patients with SRA than in patients not affected with this root anomaly (Table 2) . Our study agrees with Lee et al 17 who evaluated different tooth anomalies and found that short roots among others did not lead to higher risk of EARR.
Any tooth loss in patients with SRA would likely be proportionally larger than in patients with normal root length. However, since the EARR seen in the SRA group had a trend to be less, the proportional loss compared to the pretreatment values was also not significantly different between groups.
Treatment duration has been a variable often associated with EARR. 18 The average treatment times reported in this study coincide with what has been reported in a recent systematic review. 19 There was no association between treatment duration and resorption as shown in the regression analysis. Gender and age had no effect in EARR in SRA patients. Gender has been associated with EARR in normal orthodontic patients; however, contradictory findings in the role of this patient demographic have been found. The primary limitation of the study is its retrospective nature.
Furthermore, the study drew its sample from a single practitioner, However, as stated above, most of the evidence has been from case reports, thus this study can be considered a pilot study to evaluate the EARR changes in patients with SRA using CBCT technology.
This study can serve as reference for future multi-centre studies that can obtain generalizable findings on the effects of orthodontic forces in SRA and in establishing average values for R/C ratios in different populations.
| CON CLUS IONS
Patients with SRA undergoing orthodontic treatment were not more susceptible to EARR than a control group without this anomaly.
In fact, a trend for less decrease in tooth length was found which reached significance in tooth number nine for both proportional and non-proportional analysis. Gender, age and treatment duration were not associated with more root resorption in the SRA group compared to a control group.
